Hallux valgus is one of the most common diseases that affects the foot. The primary symptom of this disease is usually pain. Although non-operative treatment should be attempted, some patients eventually need surgical treatment. There are numerous surgical procedures for correction of HV deformities. Some of these surgeries may be performed through open or percutaneous surgery (MIS). Distal metatarsal chevron osteotomy is an excellent treatment option in mild-to-moderate deformities, providing good results in the correction of deformities and symptoms. This technique can also be done by percutaneous or MIS surgeries; the set of these surgeries are called Third generation procedures. They have been showed to be useful, effective and (maybe) easier than open procedures.
Introduction

Definition and incidence
Hallux valgus is one of the most common disease that affects the foot (Figure 1 ) [1, 2] . It has been estimated that this condition affects around 3% of the population [3] . It takes place when the hallux has a lateral deviation, and the first metatarsal (1MT) deviates medially [4] . This condition has a clear predominance in women. According to different series, this entity is around nine times more frequent in women than in men [4] [5] [6] .
Different causes have been proposed as etiological factors of this deformity: genetic predisposition and intrinsic and extrinsic causes. While some studies have indicated [7, 8] that intrinsic factors (pes planus) play a major role in the etiology, others suggested that this plays a minor role in the development. The most important extrinsic cause is constricting footwear; it has been suggested that this pathology almost exclusively affects shoe-wearing societies [9] [10] [11] . Genetic predisposition has been implicated as a cause of hallux valgus in adults [12, 13] .
Symptoms and physical examination
The primary symptom of hallux valgus is pain. It is often located in medial eminence because of bursal inflammation or skin irritation. Pressure from footwear is the most frequent cause of this discomfort.
Physical examination should be performed with the patient standing and sitting. The deformity is often accentuated when the patient is standing bearing weight. The magnitude of the deformity should be recognized, as is any pronation of the hallux is present. The range of Update in Management of Foot and Ankle Disordersmotion (passive and active) of the metatarsophalangeal joint should be noted [14] . If pain and crepitus are present when evaluating the metatarsophalangeal joint, it often indicates that degenerative injuries are present, and this could change the choice of the surgical technique. Some authors have stated that around 5% of the patients have hypermobility of the metatarsocuneiform joint (mobility of more than 9 mm), and this should be assessed as well as the neurovascular status [15, 16] . Lesser toe deformities are often associated and could be a cause of discomfort, and this should be evaluated.
Radiological examination
Plain radiographs (AP and lateral) should be taken with the patient bearing weight (Figure 2) . Angular measurement includes assessing of the hallux valgus angle (HVA), the first-second intermetatarsal angle (IMA), the distal metatarsal articular angle (DMAA), and the proximal phalangeal articular angle. The presence of osteoarthritis, joint congruity, and the amount of sesamoid subluxation are examined. All angular measurements should be made according to the guidelines set by the AOFAS Ad Hoc Committee on Angular Measurements [17] . The severity of the deformity can be classified as mild, moderate, or severe deformity [13] . Non-operative treatment should be attempted. Symptoms are often relieved by reducing friction over the prominent medial eminence. Recommendations about patient's footwear could be helpful; sometimes, a simple change in the type of shoes or size may reduce symptoms substantially [18] . Despite non-operative measures, some patients eventually need surgical treatment.
Operative correction
There are numerous surgical procedures for correction of HV deformities, which indicates that there is not only one procedure that is universally applicable for all patients. Usually, the choice of the procedure depends upon how rigorous the deformity is and where it is located. Options include proximal, shaft, or distal metatarsal osteotomies (associated or not to lateral release). Osteotomies of the cuneiform, arthrodesis of the metatarsophalangeal joint, and excisional arthroplasty have also been described. Some of the aforementioned surgeries may be performed through open or percutaneous surgery (MIS).
Chevron osteotomy: open surgery
Distal metatarsal chevron osteotomy is an excellent treatment option in mild-to-moderate deformities, providing good results in the correction of deformity and symptoms [19] [20] [21] . The radiographic indications are hallux valgus angle less than 40° and first-second intermetatarsal angle less than 20°. With this procedure, a resection of the medial eminence, a distal metatarsal osteotomy, and a medial capsuloplasty are used to realign the great toe. Johnson et al. [22] and others [23] [24] [25] have reported good to excellent results with this procedure. After this osteotomy, the average correction of the HVA has been reported to be 12-13°, and the average correction of the IMA has been 4-5° [26] .
This type of metatarsal osteotomy has some advantages: is stable, has a wide contact surface, has the ability to allow corrections of the DMAA, and admits weight bearing immediately after surgery [27] . However, it has some weakness due to a small power of deformity correction. To overcome this issue, an Akin phalangeal osteotomy and lateral soft tissue release can be added to augment angular correction [28, 29] .
Lateral soft tissue release can be achieved through different procedures (open or MIS, through a medial or dorsal approach). The goals of this surgical gesture are to eradicate the lateral deforming forces and allow a better realignment of the first metatarsophalangeal joint by cutting the latero-plantar capsule, the transverse metatarsal ligament, the adductor tendon, and the lateral metatarsosesamoid ligament [27] .
Several complications have been described with the chevron osteotomy: undercorrection and recurrence of the deformity are the most frequent ones. Recurrence could happen when the surgical indications are not respected in terms of angular values, and more severe deformities are treated. Undercorrection can be caused by a secondary displacement at the osteotomy Update in Management of Foot and Ankle Disorderssite. This was more frequent when no internal fixation was used, as the original technique described by Austin and Leventen [30] . Nowadays, internal fixation has shown to reduce the rate of loss of correction [22, 25] .
Shortening is another complication to consider, and it may occur when too much bone had been removed. Postoperative transfer metatarsalgia has been reported as a result of this complication [31] .
The most critical complication after a chevron osteotomy is an avascular necrosis (AVN) of the 1MT head. Some reports have shown an increased risk of AVN when lateral soft tissue release is combined with a distal chevron osteotomy [32, 33] , although other studies state that this is a rare complication [34, 35] . The reported incidence of avascular necrosis (AVN) ranges between 0 and 20% [36, 37] .
Percutaneous or minimally invasive surgery (MIS) of the forefoot
Definition
Percutaneous surgery of the foot, also known as minimal incision surgery or minimally invasive surgery (MIS), allows interventions to be carried out through extremely small incisions without direct exposure of deep tissues, thus causing minimal injury [38] . This is done with the help of tactile sensation combined with radioscopy.
History and generations
The applications of percutaneous surgery in hallux valgus correction were first introduced in the 1970s and 1980s [39] . It has since evolved into endoscopic, minimum-incision, and percutaneous techniques. In the last 10 years, there has been a growing interest in percutaneous techniques for HV correction especially in Italy and Spain, at the beginning. First-generation percutaneous technique was described by Isham [39] in which no internal fixation was needed. The second-generation technique was a distal transverse osteotomy of the 1MT stabilized with an axial wire [40, 41] . Recently, some comparative studies evaluating these procedures received a degree of recommendation C (poor-quality evidence for or against recommending intervention), although these results are being reviewed due to the omission of relevant studies [41] [42] [43] [44] . The third-generation (TG) MIS involves procedures based on the design of chevron osteotomies with the need of screw fixation that has added extra stability and minor complications [45, 46] .
Current situation and indications
Forefoot MIS has experienced a vertiginous and sustained growth especially in the last decade. Clinical series and comparative studies have been published [47] [48] [49] [50] . Additionally, cadaveric results [51, 52] , technique reports [53] , and radiological validations [54, 55] have been described. Despite the fact that for some authors percutaneous surgery of the forefoot lacks scientific support [56] [57] [58] , recently two systematic reviews published support its indication in hallux valgus surgery [43] [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] .
Third-generation forefoot MIS
Considering the indications and potential advantages of percutaneous surgery, some authors experienced with osteotomies similar to the open chevron, although with conceptual differences. They can be divided into intra-or extra-articular osteotomies.
Some examples of those performed proximal to the joint capsule (extracapsular) are as follows:
• MICA (minimally invasive chevron Akin) is performed at the neck of the first metatarsal (extraarticular) and requires two screws for the stabilization of the osteotomy associated with an Akin osteotomy. According to the authors, the development of this fixation (MICA) allows it to be used in severe HV deformity (maximum displacement of 100%) and truly marries the perceived advantages of an extracapsular first metatarsal osteotomy in which the soft tissue envelope is preserved with rigid internal fixation. As a result of evidenced movement of the osteotomy in some cases, the fixation technique was modified (tricortical fixation with proximal screw) to successfully avoid this problem. In 50-60% of cases, a percutaneous Akin osteotomy of the hallux proximal phalanx is also performed with percutaneous screw fixation. It showed good to excellent results, and around 90% of patients are satisfied or very satisfied with the results. The authors mentioned that the outcomes thus far suggest that the MICA technique may be associated with a lower risk of infection, less stiffness, and less pain.
No reports exist of osteonecrosis with the MICA technique (Figure 3 ) [60] [61] [62] [63] . 
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• PERC (percutaneous, extra-articular reverse-L chevron osteotomy): that is also performed on the metaphysis of the first metatarsal (1MT), and the main difference with other techniques is that the osteotomy is stabilized with a dorsal-to-plantar screw. In a case series (38 patients, 45 procedures), this technique showed an improvement of the AOFAS score of 62.5 (30-80) preoperatively to 97.1 (75-100) postoperatively. A total of 37 patients (97%) were satisfied. At the last follow-up, there was a statistically significant decrease in the HVA, the IMA, and the proximal articular set angle. The range of movement of the first metatarsophalangeal joint improved significantly. An additional percutaneous Akin osteotomy was performed in 82%, and percutaneous lateral capsular release was performed in 48%. According to the authors, this technique is reliable and reproducible and maintains an excellent range of movement (Figures 4-6 ) [46] .
• PECA (percutaneous chevron/akin): technically, this is identical to MICA that showed comparable outcomes of the new technique (equated to open Scarf/Akin). Surgeries were done by a non-developer group (MICA). Regarding patient satisfaction, this technique showed excellent (84%) and good (16%) results in a comparative series. The PECA showed statistically significant superiority regarding the pain level in the early postoperative phase compared to open Scarf. There were no wound complications, and 24% of patients required removal of the screws because of prominence under the skin (Figure 7 ) [49] .
• Third-generation MIS technique: described by Brogan et al., it needs one screw and Kwire to provide stability. In the initial series (45 ft), there was a statistically significant improvement in all three domains of the MOXFQ, proper correction of angular values (HVA and IMA), and overall toe length decreased by only 2 mm (range −11 to 13 mm). It showed no avascular necrosis (AVN), infection, hallux varus, nonunion, dorsal malunion of the distal fragment, metatarsalgia and/or incidence of recurrence. Other infrequent complications were described: screw backout, prominent metalwork, etc. [45] . In a comparative study (chevron MIS and open chevron), there were no significant differences. Clinical and radiologic postoperative scores in all domains were substantially improved in both groups. There were no significant differences in complications between the two groups. The third-generation MIS technique proved that it is a safe procedure (MIS) with good clinical outcomes for symptomatic mild-to-moderate hallux valgus at midterm results [64] . 
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An intra-articular technique has recently been described: (Figures 8-10 ) [54] . PICO offers theoretical advantages over other TG techniques described since it does not need fixation with two screws (only one is enough) and/or additional K-wire, which results in a shorter surgical time and complication rate, and also decrease costs. In addition, as it is done on the head of the 1MT, it offers greater stability and involves fewer surgical steps. Nevertheless, this novel 
Possible concerns
The 'third-generation' (TG) chevron techniques reliably mimics the open chevron procedure with all its known virtues while it does not reproduce its disadvantages and complications. There is no doubt that this group of techniques reflects the future of percutaneous hallux valgus surgery. In relation to the results shown, we can mention that TG techniques are useful, effective, and (maybe) easier than open procedures. We emphasize that percutaneous surgery has an extensive learning curve, and therefore it may be difficult to imitate the results shown on already-published data.
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